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Since the rises in food prices in 2008 and beyond, food security 
is high on the development agenda. Recognizing that water is an 
essential element to achieve food security goals, several high level 
events this year put 'water and food security' as their main theme. 
More investments in agricultural water management are needed to 
ensure the triple goal of food security, reducing poverty and conserv-
ing ecosystems (CA, 2007), but judgments on how to achieve this 
diverge widely. Some call for large irrigation infrastructure, others 
argue in favor of on-farm ponds or water harvesting structures, and 
everything in between. Paradoxically, while calls for more invest-
ments in agricultural water are getting louder, a sizeable part of the 
existing (public) irrigation infrastructure is underperforming or 
not being used at all. On the other hand a so-called informal sector 
of irrigators is emerging, consisting mostly of individual farmers 
using relatively low-cost technologies irrigating high value crops 
for the local market. Agricultural water, in particular irrigation and 
2drainage, play a crucial role in food security but there is scope to 
improve the performance of the irrigation sector and minimize its 
adverse impacts on environment and equity. The Comprehensive 
Assessment of Water Management in Agriculture (a large research 
effort in 2007) called for 'reinventing irrigation' to adapt to chang-
ing societal needs. These are the themes I would like to talk in this 
address. First, I will talk about the links between food security 
and water. Second, I will address the question on how irrigation is 
and should be adapting to changing circumstances. Lastly, I will 
explore implications for the Land and Water Development chair 
group at UNESCO-IHE.
Part one
Water and food security
Vegetable sellers on the Mekong River
4Water and food security is a popular theme nowadays. Three major 
international water events this year put food security as their central 
theme, namely the World Water Forum in Marseille (with more than 
30,000 participants the biggest international water event), the UN 
World Water Day on the 22nd of March and the World Water Week 
in Stockholm in August this year. Several smaller events had themes 
around food water and security. The Dutch government choose water 
and food security as two of the four so-called 'top sectors'. Clearly 
'water and food security' is in the spotlight. 
 The attention for food security is not without reason. The FAO 
report 'The State of Food Insecurity in the World 2011' estimates 
that globally there are some 860 million people food insecure; 240 
million people in sub-Saharan Africa (30% of the population) and 
560 million in Asia. The report blames the volatility in food prices 
since 2008 as a contributing factor. Though the exact numbers are 
debated depending on the definitions used it is safe to say that there 
are still a lot of food insecure people in the world. Several countries 
in Sub-Saharan Africa are unlikely to achieve the food security 
targets set by the Millennium Development Goals 12 years ago. 
 Some politicians equate food security to food self-sufficiency and 
use it as justification for measures to increase domestic food produc-
tion such as big infrastructural works, subsidies and trade barriers. 
For example, Iran provides producer and consumer subsidies for 
wheat, its main staple, to reduce as much as possible the dependency 
on the world market particularly in view of international sanctions. 
Concerns over food security are also behind large foreign invest-
ments in land and water on African soil by, among others, Saudi 
Arabia, India and China - some would speak of 'land grab'. Donors 
and development banks invest millions to increase the production of 
food production for example through better seeds, fertilizer, water 
management and more area under irrigation. And recently I even 
5heard someone from a Dutch political party invoke the argument 
of food security to oppose the conversion of agricultural land into 
nature. Indeed, food security is a much used -and misused- term 
to argue for increases in food production. 
 However, food security is much broader than simply increasing 
food production. The 1996 World Food Summit defined it as the 
situation where "all people at all times have physical and economic 
access to sufficient safe and nutritious food to meet their dietary 
needs and food preferences for an active and healthy life". Hence 
food security is not only dependent on the quantity of food but also 
quality and people's ability to access it. Three elements of food 
security are of importance: 
First, food production: food needs to be physically available, either 
produced at household level for home consumption or in the market 
(hence the need for production increase).
Second, access to food: for households who do not produce all food 
themselves this implies that they need the means to buy it and that 
food is available at affordable prices. 
Third, food quality and nutrition to meet dietary needs for a healthy 
lifestyle. 
What role plays water in all this? 
Water and food production 
Let me start with the first element: water and food production. 
The production of food takes enormous quantities of water. Global 
estimates of annual, total crop water consumption vary between 
6,800 km3 and 7,500 km3 (Rockström et al 1999; Postel 1998; Chap-
again 2006). These are fairly rough estimates based on numerical 
models and available global data sets. To get an idea of quantities 
involved: 1 km3 = 1,000,000,000,000 liters. Very roughly it takes 
61 liter of water to produce one kilocalorie of food or around 3000 
liters of water per person per day. Most of this water (75% to 80%) 
comes directly from rainfall that infiltrates the soil to generate soil 
moisture. A relatively small but crucial part comes from irrigation 
or other forms of agricultural water management. Globally an es-
timated 2700 km3 per year are withdrawn from rivers, lakes, ponds 
and groundwater for agricultural purposes; that is equivalent to 1000 
liters per person per day (de Fraiture et al., 2010). 
Irrigation and drainage played a major role in food production and 
productivity increases over the past decades and is accredited for the 
successes during the Green Revolution and eradication of famines in 
Asia. At the global level around 18% of the cultivated area is under 
irrigation, producing 40% of all food (Schultz et al., 2005). But ir-
rigation is also blamed for water shortages, severe environmental 
damage, displacement of people without proper compensation and 
increased social inequality (CA 2007).  
Until the food crisis in 2008 food prices were steadily declining. 
The sudden hike in food prices and subsequent food riots in 2008 
and 2009 were a rough wake-up call for many politicians (and some 
scientists who predicted an era of cheap food and energy). The FAO 
reckons that the recent rise in food insecurity is to a large extent 
because of food price volatility. Violent food riots broke out in, 
among others, Bangladesh, Cameroon, Egypt, Haiti and Yemen. The 
price hike was caused by a convergence of factors whose relative 
importance is subject of debate. High food demand coincided with 
unusual weather conditions in major food producing areas, high oil 
and fertilizer prices, speculation and biofuels, but also distorting 
policies and subsidies played a role. For example, during the food 
crisis China, India and Vietnam, the three main rice exporters put 
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export restrictions on rice to ensure sufficient domestic supply. This, 
of course, lead to soaring prices on international markets and aggra-
vated the price increases. Another factor was complacency and the 
decades' long neglect of the agricultural sector. In 2006 only 4% of 
the so-called Official Development Assistance (ODA) was spent on 
agriculture, down from 20% in the 70s. Recently investments picked 
up again but only slightly and nowhere near the levels in the 80s. For 
example, under the framework of the New Partnership of African 
Development (the NEPAD, an initiative of the African Union) many 
African countries pledged to spend 10% of their government budget 
on agriculture. Only few countries achieve this level. 
Public investments in water infrastructure for agriculture (mostly 
irrigation) follow a similar pattern. 
Investing in irrigation
Source: reprinted from CA (2007), page 356.
8In the 70s when food prices were high, public investments in ir-
rigation were high. For example, at its top the World Bank provided 
around 2 billion dollars per year in loans and grants to the irrigation 
sector. During the 80s and 90s the level of investments steadily de-
clined reaching a mere 150 million dollars in 2000 (8% of its peak). 
The declines in investments relate to complacency over declining 
food prices, environmental and social concerns of big dams, high 
costs of irrigation development and disappointing performance of 
irrigation schemes (Faures et al 2007, Turral et al 2010). Irrigation 
was increasingly seen as expensive, wasteful, environmentally and 
socially damaging by damming rivers and displacing thousands of 
poor people from their land. Development banks were getting reluc-
tant to lend money for big water projects under pressure of a growing 
anti-dam lobby. In 1994 the World Bank withdrew from financing the 
controversial Narmada dam in India. Shortly after, it also withdrew 
from financing the Arun III dam in Nepal after protests from NGO's 
and local population. The outcomes of the World Commission on 
Dams published in 2000 helped reinforcing the bad reputation of 
large scale irrigation, often associated with dam building (World 
Commission on Dams, 2000). Recently perspectives on irrigation 
are changing again, particularly in the aftermath of the food crisis 
in 2008. Investments are going up again responding to concerns 
over high food prices, shrinking food stocks and climate change.
Interestingly, despite the drop in public investments in the 80s 
and 90s, the area under irrigation continues to rise. This is due to 
private investments by individual farmers. I'll come back to that 
later in this address. 
With population growth and higher living standards food demand 
is expected to grow by 70-100% by 2050 according to forecasts by 
9FAO, International Food Policy Institute (IFPRI) and others. This 
estimate is likely at the high side. One of the implicit assumptions in 
most forecast models is that the level of food waste and inefficiencies 
in the food supply chain remains at its actual high level. The food 
supply chain denotes all steps in the process from food production 
in a farmer's field to food on our plates (popularly referred to as 
'from field to fork'). It includes the cultivation of crops, harvesting, 
transport, processing, retail, marketing and ultimately consumption. 
This process is notably inefficient. Most estimates put accumulated 
losses throughout the chain between 30% and 40% (Lundqvist et al., 
2008; Smit 2012). Hence at least 30% of all food produced is not used 
as intended but is eaten by rats, is composted or ends up in landfills. 
With high food prices and rising awareness over the levels of waste, 
it is likely that the food supply chain will become more efficient.
Considerable scientific modeling effort was devoted over the past 
decade to forecast future water and food demand and the environ-
mental impacts of agricultural intensification (Vörösmarty et al., 
2004; Falkenmark and Rockström 2006; Rosegrant et al. 2005). 
With climate change and uncertainty in rainfall patterns the role 
of water management in future food production will likely gain in 
importance. Irrigation stabilizes production and prevents crop losses 
due to failing rains. It boosts yields and allows for intensification 
and crop diversification. The value of production on irrigated lands 
is 2 to 4 times higher than under rainfed conditions. The FAO pre-
dicts that by 2030 45% of all food will come from irrigated areas 
(Faures et al., 2007). This means 15%-20% more water will be 
diverted from rivers, lakes, reservoirs and groundwater. While most 
studies conclude that there are sufficient land and water resources 
available to satisfy global food demands during the next 50 years, 
these studies also warn that overexploitation and poor management 
10
of water resources threaten the resource base on which agriculture 
depends (Falkenmark et al.,2007). Flood protection and drainage of 
agricultural areas located in flood prone areas will probably become 
more important if the number of extreme events increase and sea 
level rises occur as predicted by climate models.
Indeed, water plays a crucial role in food production and its im-
portance is growing.
Water and access to food
Already in 1981 the economist Amartya Sen analyzed the paradox 
that people can go hungry amid food abundance if they don't have 
the means to buy food (Sen, 1981). In fact he hinted that many 
famines are not caused by lacking supply of food but because of 
social and economic factors such as declining incomes and rising 
food prices. Many smallholder farmers in developing countries are 
both food producers and food buyers. They need cash income to 
buy food if harvests are disappointing, or because they cultivate 
only part of their dietary needs. Access to water allows farmers to 
produce subsistence crops for own consumption but also cash crops 
for local, regional or international markets. It is well documented 
that access to water for agriculture can play an important role in 
increasing production and generating income. Additional incomes 
may be relatively small, but particularly for farmers with small 
landholdings it can make the difference between food security and 
going hungry part of the time. 
The International Water Management Institute (IWMI), my previ-
ous employer, did a lot of research on the link between access to 
irrigation water, rural development and income. They found a strong 
positive correlation between irrigation, poverty alleviation, food 
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security and better nutrition (see for example Hussain and Hanjra 
2004). Providing evidence from, among others, Bangladesh, Sri 
Lanka, Indonesia, Thailand, Ethiopia and Kenya they conclude that 
incomes and nutrition status are generally higher in irrigated areas 
than in rainfed areas (Castillo et al., 2007).
In South Asia millions of small farmers own a tubewell that they use 
to draw groundwater to irrigate their crops. This water ensures that 
they can cultivate boro rice; this is a rice variety that fetches a much 
higher price in the market than the common rainfed rice varieties. 
In 2008 in Bangladesh boro rice sold for 70% more than rainfed 
varieties (Hossain 2009). Further, access to groundwater ensures 
that the production is less dependent on irregular rainfall patterns. 
Consequently, yields are higher and more stable and so are incomes. 
The use of groundwater irrigation by smallholder farmers played a 
crucial role in the reduction in poverty and food insecurity levels in 
rural India (Shah 2009) and Bangladesh. Groundwater irrigation in 
Bangladesh was identified as one of 'successes in agriculture' under 
the large study 'Millions Fed' coordinated by the International Food 
Policy Institute (IFPRI). 
Field level studies in Ghana, Burkina Faso, Ethiopia and Zambia 
show how small farmers with access to irrigation water derive a 
cash income from irrigated vegetables for the local market. The 
additional incomes often are modest (not more than a few hundred 
dollars per season) because landholdings are small. However the 
additional cash plays a crucial role for rural households during the 
dry season when other sources of agricultural income are scarce 
(de Fraiture et al., forthcoming). Also part of the fresh vegetables 
produce is consumed by households themselves contributing to a 
better more varied diet.
12
Water and nutrition
And that brings me to the third element of food security: food 
quality and nutrition. 
Food security implies having sufficient food in quantity and qual-
ity to meet dietary needs to lead an active and healthy lifestyle. 
This requires a varied and nutritious diet. In fact, it is well-known 
that with rising incomes people start eating more meat and dairy 
products and vegetables.
Consumption and income 1961-2000
With rising income the consumption of livestock products goes up. In China 
meat consumption steadily increased with income. In India meat consumption 
remained low due to cultural/religious reasons but milk consumption went 
up. In the USA both income and meat consumption are much higher than in 
India and China.  
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13
Some donor initiatives (such as USAID Feed the Future and BMGF 
Agricultural Development Strategy) seem to place much emphasis on 
producing more staple crops to combat food insecurity. However, as 
a recent article in the Economist explains, getting sufficient quantity 
of food in terms of calories is not the only problem and maybe not 
the worst problem. Apart from 800 million people eating too little, 
1 billion or so suffer from lack of micro-nutrients because of poor 
unbalanced diets based on starch (so-called 'hidden hunger') and 
another 1 billion eats too much. Note that nearly 3 out of 7 billion 
people eat too little, too much or too unbalanced. Poor diets and 
malnutrition is associated with over a third of children’s deaths and 
is the single most important risk factor in many diseases. One third 
of all children in the world are underweight or stunted (too short for 
their age), the classic symptoms of malnourishment (the Economist, 
2012). Hence, the importance of a nutritious and varied diet. 
There are clear links between varied diets and access water. First, 
the production of meat, dairy and vegetables takes more water 
than cereals, depending on where you are and how the meat and 
dairy is produced. Some estimates suggest that it takes two times 
more water to produce a meat based diet than a cereal based diet, 
but those estimates suffer from several flaws in methodology and 
data. It is safe to conclude, though, that in general a rich and varied 
diet with vegetables, meat and dairy takes more water to produce. 
Second, fruits and vegetables often are produced under irrigation 
because they need water in the right quantities at regular intervals 
and are more sensitive to dry spells than cereals. And because 
they are perishable the timing of harvest need to be aligned with 
market requirements (the time of ripening can be manipulated by 
irrigation scheduling). Third, access to agricultural water allows 
small farmers to grow vegetables, keep livestock for milk and meat 
14
and produce fish besides growing cereals. As explained above it 
provides income to buy better food. Fourth clean drinking water 
and better sanitation reduces intestinal diseases and enables people 
to absorb more nutrients.
Summing up, water for agriculture and food security are closely 
linked through increased production, enhanced access to food and 
allowing for a more varied diet. On the other hand, there are valid 
environmental and efficiency concerns over the use of water for 
agriculture performance. And that brings me to the second part: 
water for agriculture in a changing world.
15
Part two
Agricultural water in  
a changing world
Overflowing weir in a paddy field in Sri Lanka
16
Re-inventing irrigation
Irrigation helps stabilizing and increasing yields, it allows for a 
higher cropping intensity and more flexibility in cropping patterns. 
Outputs from irrigated lands are generally 2 to 4 times higher than 
from pure rainfed lands. It is obvious that in times of increasing food 
insecurity calls for more irrigation are getting louder. For example, 
the New Partnership for Africa's Development (NEPAD), program of 
the African Union, launched the Comprehensive Africa Agriculture 
Development Program, consisting of four pillars. The first pillar is 
land and water development, with a heavy emphasis on the construc-
tion of irrigation systems. Recently the Africa Development Bank 
Group called for investments of US $50 billion per year for new 
water infrastructure in sub-Sahara Africa. After years of neglect 
donors and governments are keen again on investing in irrigation. 
However, the challenges facing agricultural water today are dif-
ferent from a few decades ago. The global population has grown; 
people are richer and they demand more and better quality agricul-
tural commodities. Also the type of food they consume is shifting 
towards more meat, fish, dairy, and sugar - products that typically 
require more water than traditional staple foods such as grains and 
tuber crops (Molden, 2007). Consequently, agricultural water use 
has grown substantially and is still increasing. At the same time, 
urban areas and industrial development claim an increasing share 
of available water resources. Overexploitation, pollution and poor 
management of water resources threaten the resource base on which 
agriculture depends. The protection of ecosystems becomes ever 
more important and urgent (Falkenmark et al., 2007). Poor water 
management in agriculture is also linked to water borne diseases 
(McCartney et al., 2005). 
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In 2007 the Comprehensive Assessment of Water Management in 
Agriculture posed the question: 'how much more irrigation is needed 
to produce sufficient food in 2050'. Broadly speaking there are two 
schools of thought. Rockström et al. (2010) argue that upgrading 
rainfed areas through investments in soil and water conservation, 
water harvesting techniques and supplemental irrigation can double 
or even quadruple productivity in drought-prone tropical regions. 
According to this view investments in rainfed agriculture make more 
economic sense, particular for the poor and are less harmful to the 
environment. Others, pointing to climate change and flooding and 
drought risks, are much less optimistic concerning the potential of 
rainfed areas and advocate more irrigation (Seckler et al., 2000). 
Using a scenario analysis approach the Comprehensive Assessment 
formulated a regionalized scenario advocating for a mix of measures 
in irrigated and rainfed areas, based on the potential and challenges 
within each region (de Fraiture and Wichelns 2010). Broadly speak-
ing this scenario puts emphasis on improving existing irrigation in 
South, East and Central Asia and expansion of irrigated areas and 
productivity increase in rainfed areas in sub-Saharan Africa. Ac-
cording to the most optimistic scenario irrigated areas worldwide 
would have to increase by 55 million hectares (16%) and water 
withdrawals by 13%.
However, this optimistic scenario will not happen unless water in 
agriculture is managed more efficiently and in a more sustainable 
way. A change of mindset is needed. I will elaborate on a few ele-
ments of this change. These are 1) abolish the strict divide between 
rainfed and irrigation, 2) adapt existing irrigation systems to chang-
ing needs, 3) incorporate ecosystems thinking into irrigation design 
and 4) draw lessons from the informal irrigation sector.
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conservation
practices
Supplemental irrigation
Groundwater irrigation
Water harvesting
Surface water irrigation
Drainage
Purely rainfed Fully irrigated
There are many options in the rainfed-irrigation spectrum.
While it is easy to distinguish between purely rainfed and fully 
irrigated it is not always easy to draw an exact line between them. 
One of the main recommendations of the Comprehensive Assess-
ment is to abolish the artificial divide between irrigated and rainfed 
agriculture and instead consider the full spectrum between green 
(rainfed) and blue (fully irrigated) (Molden 2007). The colors 
green and blue refer to the terms green and blue water, coined by 
Falkenmark and Rockstrom (2006). Blue water is the water in rivers, 
lakes and groundwater, i.e. water that you can capture and transport 
through canals or pipes and you can use for irrigation. Green water 
denotes soil water (i.e. water from rainfall that infiltrates in the soil, 
generating soil moisture in the unsaturated zone that plants can use 
in situ but cannot be transported to other fields).
Options for agricultural water management along the green-blue spectrum
Source: reprinted from CA (2007) page 44.
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Irrigation sometimes is narrowly interpreted as a system of dams, 
canals and distribution structures managed by Water Users' Associa-
tions or irrigation bureaucracies. In reality a wide range of technolo-
gies and water sources are being used by farmers under differing 
institutional arrangements, varying from elaborate multi-layered 
irrigation institutions to one person owning a pump and renting it 
out to neighbors; from multi-million hectare schemes in the Indus 
basin to 1000 square meters watered by hand, and everything in 
between. Examples of irrigation types include -and this list is not 
exhaustive- river diversions, handdug wells, tubewells, individual 
motorpumps, spate irrigation, sand dams, low-cost drip, subsurface 
pressure drip, large pivots, small reservoirs, flood recession, informal 
waste water reuse around cities, 'traditional schemes' initiated by 
farmers, different types of in-situ and ex-situ water harvesting etc. 
often in a mix and match of available knowledge, water sources 
and technologies. Water can be stored in a variety of ways, in large 
reservoirs, in small ponds, in groundwater, or in the soil profile. 
Rainfall is the key freshwater resource. Sometimes it is used directly, 
where it falls on the soil. Sometimes it is collected and stored as 
surface run-off, in rivers, lakes, reservoirs or groundwater aquifers 
before being used. All water resources, green and blue, are to be 
explored for livelihood options at the appropriate scale for local 
communities (CA 2007). Given the diversity of agricultural water 
management a narrow blue-print approach to sustainable production 
of crops, fish and livestock products does not work. Increasingly, 
the term 'Agricultural Water Management' (AWM) is being used 
to encompass the full spectrum between rainfed and irrigation.
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Modernization of irrigation: adapt yesterday's schemes 
to tomorrow's needs 
The era of rapid expansion of large-scale public irrigation expansion 
seems over. The conditions that led to massive investments in large 
scale irrigation have changed (Faures et al., 2007, Turral et al., 2010). 
Financial, environmental and social costs of new construction are 
high. At the same time part of the infrastructure is underutilized 
or underperforming due to lack of maintenance, bad management 
and financial difficulties. Where appropriate the focus of irrigation 
investments should move away from new construction towards 
the better and more efficient use of existing schemes by making 
them more productive and using them more sustainably. In this 
regard I prefer the term 'modernization of existing schemes' over 
'rehabilitation'. Rehabilitation implies restoring the infrastructure 
to its previous workable state. But one of the reasons these systems 
underperform or fell into disrepair is because they fail to adapt to 
changing circumstances and respond to users' needs. Simply restor-
ing systems to their old state would only set off a cycle of what a 
former colleague from IWMI called the 'build-neglect-and-rebuild' 
syndrome (Shah 2009) where schemes are built, fall in disrepair 
for lack of maintenance, get rehabilitated, fall again in disrepair 
because of lack of maintenance etc. etc. Modernization on the other 
hand implies adapting and responding to users' changed needs. It 
does not necessarily mean high tech, expensive automation (though 
it could be if appropriate- I think that IT and telecommunication 
could play a much more prominent role in smallholder irrigation 
than is the case now). Key here is adapting to changing needs and 
circumstances. I mention here six changes that affect irrigation 
design and implementation, but this list is by no means exhaustive:
21
1. Users' involvement and responsibilities: Participatory ap-
proaches increasingly replace top-down centralistic planning, 
implementation and operation. Central bureaucracies and mar-
keting boards where farmers were obliged to sell their specified 
crops at a fixed price are becoming less common. For example, 
schemes like Gezira in Sudan constructed in the colonial period, 
or the irrigation canals in the Syr Darya basin during the Soviet 
era were centrally led undertakings, managed and run by irriga-
tion bureaucracies with the single aim of producing cotton for 
the export. Increasingly, water users are expected to take over 
part of the operation and management tasks. In many schemes 
around the world, under pressure of the World Bank irrigation 
management has been transferred from government to Water 
Users' Associations, with mixed results. 
2. Funding: The irrigation sector might find it increasingly hard 
to secure public funding for irrigation and drainage infrastruc-
ture (Faures et al., 2007). Construction and rehabilitation costs 
of irrigation infrastructure are substantially higher now in 
sub-Saharan Africa as it was in South Asia during the peak of 
irrigation expansion. Irrigation projects in sub-Saharan Africa 
may cost up to 10,000 to 15,000 USD per hectare, in part due to 
inefficiencies in planning and implementation, the use of expen-
sive international consultants and overdesign (often because of 
the use of blue prints or inappropriate guidelines). There is a lot 
of scope for improvement in terms of cost-effective innovative 
designs adapted to users' needs and the use of low-maintenance 
and operation-friendly equipment and materials. Private sector 
investments in irrigation will become more important.
3. Cost recovery and profitability: Irrigation needs to be financially 
viable and profitable for individual farmers. Some irrigation 
schemes were built with societal goals in mind such as poverty 
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alleviation or food self-sufficiency and largely managed and 
subsidized by governments & donors. However governments and 
irrigation bureaucracies may become less willing and less able 
to bear the full operation and maintenance costs. Increasingly 
water users are expected to contribute or fully finance from own 
resources. Cost recovery mechanisms that guarantee the sustain-
ability of systems are vital. This is only possible when farmers 
make enough money from irrigation to pay for it, and operation 
and maintenance costs are not excessive.
4. Energy efficiency: It takes a substantial quantity of energy to 
lift water. Over the past years energy prices have been high and 
volatile. Irrigation schemes that depend on large scale water 
lifting (from river or groundwater) may no longer be viable. 
The boom in groundwater use for agriculture in Western India 
was facilitated by subsidized electricity (Shah 2009) but not all 
governments may be willing or able to pay for subsidized energy 
for agriculture. The use of solar energy in irrigation is still very 
limited but may play a bigger role in near future as solar panels 
are getting cheaper and more powerful. Manual pumping is not 
a viable alternative to mechanized pumping due to the enormous 
quantities involved. This calls for energy-efficient schemes.
5. Commodities and value chains: With rising incomes and improved 
living standards diets change towards increased consumption of 
vegetables, fruit, dairy and fish. Responding to market signals in 
some irrigation schemes aquaculture is picking up. Customers of 
agricultural products are becoming more demanding in terms of 
quality. This requires changes in cropping patterns and flexibility 
in irrigation scheduling and system design. It also has implication 
for market structures and value chain. Systems originally built 
for one particular commodity (for example paddy) may need to 
be adapted, technically and institutionally, if markets or farmers' 
23
preferences change. 
6. Efficiency: In the irrigation community there is a longstanding 
-and at times heated- debate on definitions of water use efficiency, 
water productivity and the level of water use inefficiency in ir-
rigation systems. This is not the place to go into details of this 
scientific debate, but I think it is safe to say that in many irrigation 
systems there is scope for improvement in water use efficiency and 
water productivity (however you define it), to get more benefits 
per unit of water diverted or consumed (see Molden et al 2010). 
Tools to monitor irrigation performance such as benchmarking 
or remote sensing (see among others Bastiaanssen and Bos 1999) 
are essential to pinpoint specific areas where productivity or 
efficiency gains can be made. 
Incorporate ecosystems service thinking in the design 
of agricultural water infrastructure
Water use in agriculture has adverse impacts on the environment by 
changing terrestrial and aquatic ecosystems because of damming 
rivers and changing flow regimes, lowering groundwater, polluting 
soils and water, salinization and drying wetlands. These impacts 
have been described and analyzed in numerous case studies and 
analyses, in particular, for large scale irrigation (Gordon et al., 2010). 
The combined effects of many dispersed small agricultural water 
structures on downstream river flows and groundwater recharge is 
relatively unexplored, though research from South-India indicates 
that small water harvesting structures can have substantial adverse 
impacts on water availability downstream (Bouma et al. 2011). 
But water use in agriculture can also have positive effects by enhanc-
ing certain ecosystem services. Ecosystem services are benefits to 
humans provided by natural ecosystems (MEA 2005). Provisioning 
ecosystem services point to products obtained from ecosystems, 
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Comparing ecosystem services in different settings 
Source: reprinted from CA (2007) page 260.
A natural ecosystem provides a wide range of ecosystem services. An inten-
sive cropland is managed to maximize one ecosystem service namely crop 
production, often at the expense of other ecosystem services. Rice fields 
potentially provide a range of outputs.
Source: Adapted from Foley and others 2005; chapters 14 and 15 in this volume.
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including, for example, genetic resources, food and fiber, and fresh 
water. Regulating ecosystems services include the benefits obtained 
from the regulation of ecosystem processes, including, for example, 
the regulation of climate, water, and some human diseases. Other 
categories of ecosystem services are supporting services (nutrient 
recycling, soil formation etc) and for cultural purposes. 
Irrigated rice fields provide food but can also act as flood retention 
basins and help mitigating flooding in downstream areas. Terraces in 
irrigated areas reduce soil erosion. Small reservoirs (tanks) in India 
initially built for irrigation act as groundwater recharge structures 
that help restore groundwater levels. Irrigation can also generate 
wetlands habitats that enhance biodiversity and have positive effects 
on water quality (Faures et al., 2007). The figure illustrates the dif-
ferent type of ecosystem services comparing a natural ecosystem 
and a well designed irrigated paddy field. 
The provision of ecosystem services often is accidental, a positive 
externality that was not planned for. With growing concerns over 
environmental impacts of irrigated agriculture it is worthwhile to 
explore the possibility of explicitly incorporate ecosystems services 
in irrigation design by mitigating adverse impacts and enhancing 
positive externalities. So rather than maximizing a single ecosystem 
service (agricultural productivity) this approach would incorporate 
a broader range of ecosystem services, of which crop production is 
one. Economic valuing techniques (as described by Hellegers 2011) 
can help quantifying trade-offs between maximizing managing 
water for one single ecosystem service (food production) versus 
enhancing multiple services. 
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Learning lessons from the informal sector
Where the public irrigation sector is struggling, the informal ir-
rigation sector is thriving. An increasing number of smallholder 
farmers engage in irrigation using their own resources. They buy 
or rent irrigation equipment and draw water from nearby sources 
without depending on or without interference from public agencies 
or Water Users’ Associations. This type of 'informal' irrigation 
differs from conventional irrigation schemes in a number of ways: 
• it is initiated and financed by farmers themselves; 
• it is operated and managed by individuals or in small self-initiated 
groups; 
• areas are small, typically less than 2 hectares and technologies 
are low-cost; 
• farmers cultivate high value crops for the market providing a 
much needed cash income during the dry season; and 
• it is a spontaneous and unregulated phenomenon (de Fraiture, 
forthcoming). 
To illustrate this I use the example of a small reservoir constructed 
for rice cultivation in Burkina Faso. 
The small reservoir consists of a small earthen dam and reservoir 
that fills during the wet season and is designed to irrigate 30 hectares 
of rice using two canals downstream of the dam. The rice farners 
are organized in an officially recognized Water Users Association 
that operates and maintains the system. While the system works 
reasonably well it suffers from lack of maintenance (due the difficulty 
to mobilize members pay water fees and maintain their canals). 
At the same time some individual farmers upstream started using 
small motorpumps to pump directly from the reservoir to irrigate 
vegetables upstream along the reservoir banks. This is actually il-
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legal, but tolerated. Pumping from the reservoir to irrigate vegetables 
proved a very profitable activity and now the area under vegetables 
along the reservoir banks is 250 hectares, 8 times larger than the 
officially recognized area. The spread of small pumps is unregu-
lated. Those who can afford to buy or rent a pump and have access 
to land start pumping without requesting prior permission to use 
the water. This practice is very profitable and small farmers derive a 
better income than from rice cultivation downstream. Motorpumps 
are becoming cheaper (imported from China) and more affordable 
to a wider range of farmers. But without regulation it also leads to 
conflicts and pollution (Ndanga 2010).
Informal irrigation around the Korsimoro reservoir, Burkina Faso
The Google Earth image of the Korsimoro reservoir show the irrigated paddy 
fields downstream from the dam (narrow dark green strip). The green patches 
along the reservoir banks are 'informal' irrigated vegetable fields, watered by 
small pumps.
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This situation is illustrative for a rapidly growing trend in irrigation: 
individual farmers taking irrigation in their own hand, bypassing 
irrigation bureaucracies. They take water from rivers, lakes, reser-
voir, ponds, canals and wells, using affordable equipment and are 
able to derive a good income. It is a famer driven and self-financed 
phenomena spreading spontaneously, without outside support. How-
ever, it is also largely unregulated, potentially leading to overuse, 
pollution, inequality and conflicts. 
The trend of individualization of agricultural water management 
has been ongoing for some decades in South-Asia where most ir-
rigation now takes place from privately owned wells. In India an 
estimated 70% of all irrigation comes from 25 million privately 
owned wells fitted with a motorpump. Farmers who cannot afford 
a pump rent one or buy water from well-established water markets. 
The tremendous positive impacts of groundwater irrigation on rural 
income and livelihoods in India have been documented by Shah 
(2009) and others. Groundwater is ubiquitous and can be accessed 
by many people at the same time. Compared to surface water its 
supply is more constant over the year and less subject to seasonal 
fluctuations. Lifting water from underground to field also needs 
substantive energy. In the Western part of India electricity is heavily 
subsidized; in some parts it is nearly free of charge. This worked well 
to kickstart the groundwater revolution. But in the long term this 
has two main disadvantages: it is a drain on the states' finances and 
it leads to groundwater overexploitation. Trying to curb the energy 
subsidies in agriculture is extremely difficult: farmers form a strong 
voters bank and attempts to cut subsidies proved political suicide. 
Regulation of millions of small groundwater users is a managerial 
nightmare ('Shah's book is aptly entitled 'taming the anarchy'), and, 
thus, the groundwater level is steadily declining.
29
Recently, small private irrigation is emerging in Sub-Saharan 
Africa as well. It is farmer-driven, responds to a genuine demand 
from smallholders and has substantial potential for poverty alle-
viation and rural development. In many African countries the area 
under privately managed and owned irrigation is larger than under 
public irrigation schemes. Irrigation investments and research ef-
forts have largely focused on the -often underperforming- public 
irrigation sector, ignoring small private irrigation. Many of these 
farmer driven initiatives remain under the radar screen of donors 
and governments though may contain important lessons on what 
works best where. This information is vital for future irrigation 
development and enhancing food security.
A few weeks ago the British Geological Service in collaboration 
with partners released a report revealing the vast groundwater 
resources underlying sub-Saharan Africa (BBC world news web-
site, 19 April 2012). The results hardly came as a surprise as it was 
already known (or at least suspected) that under Africa's soil there 
is a lot of groundwater. Many North-African countries are already 
exploiting it, and over-exploiting it. It seems a matter of time that 
more countries in sub-Saharan Africa will start using groundwater 
for agriculture at a larger scale. The groundwater evolution in India 
may contain important lessons for these countries. 
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Part three
Chair group  
Land and Water Development  
at UNESCO-IHE
Drilling a well in a farmers' field, Ethiopia
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I started this address with outlining the links between water and 
food security and concluded that water in agriculture plays a vital 
role in achieving food security goals. In the second part I explored 
some of the challenges of adapting to changing contexts in which 
land and water development takes place. 
Four areas of research stand out:
1) How can we optimize the role of agricultural water in achieving 
food security? 
2) How can existing irrigation schemes be adapted to changing 
circumstance and needs?
3) How can ecosystems thinking be incorporated in the design of 
agricultural water infrastructure?
4) What can we learn from the success and challenges of small 
private irrigation? Are there lessons to be learned from the 
South-Asian experience that could be useful for other countries? 
I elaborated on these themes in some detail above. These issues need 
a multi-disciplinary approach combining hydraulics, hydrology, 
agronomy, economics, ecology, social sciences, just to name a few. 
Agricultural water management encompasses a large range of technolo-
gies and management systems in a variety of settings. The program 
at the Land and Water Development core group at IHE-UNESCO is 
ideally situated to address the multiple technical and non-technical 
aspects of these challenges through education and research. It has 
an international and multi-disciplinary teaching and research staff. 
It has an international reputation for its high quality MSc courses 
covering the multiple aspects of land and water management. And 
it receives guest lecturers, visiting researchers and MSc and PhD 
students from many parts of the world and with different backgrounds, 
thus providing a forum for exchange of international experiences.
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Recently UNESCO-IHE conducted a survey among its alumni. I 
mention here the outcomes applicable to the alumni of the Water 
and Land Development specialization, but trends are similar to the 
overall institute. A requirement to get admitted to IHE program is 
relevant working experience of at least 3 years. When admitted to 
the program two third of the participants of the courses in Land 
and water Development worked for governments; 20% worked for 
universities and research institutes, three quarters in the field of 
irrigation and water infrastructure. Some 86% returned to the same 
employer and more than half got a promotion upon their graduation. 
Most of them remained in government institutes and academia, 
steadily climbing from junior to more senior and executive positions. 
75% stated that they work in project implementation and research 
& analysis. Later in their career one third increasingly assumed 
management tasks. These results paint the following picture of a 
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typical course participant: professional working in government or 
academia in the field of irrigation or water infrastructure, steadily 
climbing the institutional ladder towards executive level.
 This is a very encouraging picture. Courses given at UNESCO-
IHE are reaching the people who are making important policy and 
implementation decisions, now or in near future. In this way their 
experience at UNESCO-IHE contributes towards sustainable and 
efficient Land and Water Development and Management. 
I feel very privileged to take this position of professor of Land and 
Water Development and be part of this worthy endeavor.
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